(19) 



J 



(12) 



(43) Date of publication: 

28.03.2001 Bulletin 2001/13 

(21) Application number: 00118911.7 

(22) Date of filing: 31.08.2000 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets (11) EP1 087 613 A2 

EUROPEAN PATENT APPLICATION 

(51) Intel. 7 : H04N 1/60 



(84) 


Designated Contracting States: 


(72) 


Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• 


Liu SA, 




MCNLPTSE 




c/o Seiko Epson Cop ro ration 




Designated Extension States: 




Suwa-shi, Nagano-ken 392-8502 (JP) 




ALLTLVMKRO SI 


• 


Yamamoto, Yuko, 








c/o Seiko Epson Cop ro ration 


(30) 


Priority: 02.09.1999 JP 24845999 




Suwa-shi 5 Nagano-ken 392-8502 (JP) 




17.07.2000 JP 2000215583 






(71) 




(74) 


Representative: 


Applicant: 




Winter, Brandl, Furniss, Hiibner, Ross, 




SEIKO EPSON CORPORATION 




Kaiser, Polte 




Shinjuku-ku, Tokyo 163-0811 (JP) 




Partnerschaft 








Patent- und Rechtsanwaltskanzlei 








Alois-Steinecker-Strasse 22 








85354 Freising (DE) 



CM 
< 

CO 

CO 

o 



(54) Print control apparatus, Printing apparatus, print control method, printing method, 
recording medium, and method for setting up color conversion table 



(57) First, image data are converted to first tone 
data for primary color inks, and then converted to sec- 
ond tone data for primary color and black inks, by under 
color elimination. The combinations of the above tone 
data for primary color and black inks, in which bronzing 
occurs when images are printed on the printing 
medium, are recorded beforehand as the conditions 
under which bronzing occurs. The determination of 
whether or not the conditions under which bronzing 
occurs are present in the above second tone data is 
made according to these conditions under which bronz- 
ing occurs. If bronzing will occur, a part of the under 
color elimination is converted to primary color inks. In 
this way, it becomes possible to print images in which 
bronzing does not occur. This process may also be exe- 
cuted by using color conversion tables. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] The present invention relates to technology 
for image printing on printing media by jetting ink drops 
of each color ink, and more particularly to technology for 
the printing of high-quality images in which bronzing w 
does not occur. 

Description of the Related Art 

[0002] Inkjet printers are widely used as image out- 15 
put devices for machines such as computers. Ink jet 
printers print color images by forming ink dots in colors 
such as cyan, magenta, yellow, and black on printing 
media. 

[0003] Since ink jet printers form images by jetting 20 
ink drops of each color on printing media, when the 
forming density of the ink dots is high, the jetted ink 
drops mix on printing media, or the printing paper is 
caused to swell and crease. In other words, printing 
paper has a so-called tolerance value for ink, which is 25 
the limit beyond which ink dots cannot be formed at 
higher densities. Thus, various kinds of specialized 
printing papers are offered which raise the tolerance 
value of the ink, thereby reducing the likelihood of the 
occurrence of these problems. By using printing paper 30 
specialized for ink jet printers, it is possible to print high- 
quality images without paper cockling or ink feathering. 
In addition to these specialized printing papers, special- 
ized papers with even higher performance are offered, 
such as printing paper on which the surface of the 35 
printed image has a gloss finish similar to that of photo- 
graphs, or printing paper with weatherability on which 
the printed image does not fade easily. 

SUMMARY OF THE INVENTION 40 

[0004] However, printing images through the use of 
specialized paper has the problem of worsening of 
image quality by the occurrence of a phenomenon 
called "bronzing." Bronzing here refers to a phenome- 45 
non in which the quality of the light reflected by the sur- 
face of the printing paper changes according to the dye 
of jetted ink drops condensing on the surface of the 
printing paper, or according to the print surface having a 
bronze hue depending on the viewing angle due to the 50 
distribution of pigment granularity remaining on the print 
surface because of the difference in the pigment granu- 
larity characteristics of each ink. Techniques have been 
developed which offer printing paper on which bronzing 
does not occur easily (see Japanese Patent Laid-open 55 
No. 7-214892 or Japanese Patent Laid-open No. 10- 
217603, among others). Nevertheless, even by using 
such specialized paper, it is not possible to print high- 



quality images using the existing wide varieties of print- 
ing paper and still avoid bronzing. 
[0005] The present invention aims to solve the 
above-mentioned problems found in the conventional 
art, and it is an object of the present invention to provide 
a technique for printing high-quality images without 
bronzing by using the existing wide variety of printing 
papers. 

BRIEF DESCRIPTION OF THE FIGURES 
[0006] 

Fig. 1 is a Schematic figure of a preferred embodi- 
ment of the printing apparatus. 
Fig. 2 is an Explanatory figure of the software con- 
figuration. 

Fig. 3 is a Schematic figure of the preferred embod- 
iment of the printer. 

Fig. 4 is an External view of the ink cartridge of the 
color printer of the preferred embodiment. 
Fig. 5 is an Explanatory figure of the ink composi- 
tions, which can be used in the color printer. 
Fig. 6 is an Explanatory figure of the dot formation 
principle of the preferred embodiment of the printer. 
Fig. 7 is an Explanatory figure of the ink jet head 
nozzle arrangement of the preferred embodiment of 
the printer. 

Fig. 8 is a Flowchart illustrating the printing 
processing routine flow in the preferred embodi- 
ment. 

Fig. 9 is an Explanatory figure showing the patch 
image printed to survey the conditions under which 
bronzing occurs. 

Fig.1 0 is an Explanatory figure showing an example 
of the survey results of the conditions under which 
bronzing occurs from the patch image printing 
results. 

Fig. 11 is an Explanatory figure showing results 
from varying the hue to survey the conditions under 
which bronzing occurs. 

Fig. 12 is a Flowchart illustrating the color conver- 
sion processing of Embodiment 1 . 
Fig. 13 is an Explanatory drawing showing the ele- 
ments stored for each of the printing parameters 
under which bronzing occurs in Embodiment 1. 
Fig. 14 is an Explanatory drawing showing the color 
conversion table used in the color conversion 
processing of Embodiment 1. 
Fig. 1 5 is a Flowchart illustrating the processing flow 
for correcting the color conversion tables, bearing in 
mind the conditions under which bronzing occurs in 
Embodiment 2. 

Fig. 16 is a Flowchart illustrating the color conver- 
sion processing of Embodiment 2. 
Fig. 17 is an Explanatory figure showing the princi- 
ple which permits the printing of high-quality 
images without bronzing in this invention. 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0007] In order to solve at least some of the above- 
mentioned problems, the print control apparatus of the 5 
present invention employs the following constitution. A 
print control apparatus for controlling a printing portion 
by means of sending control information for controlling 
the formation of dots of appropriate colors by said print- 
ing portion, by which a color image corresponding to w 
image data is printed by combining black ink dots and 
ink dots of a plurality of primary colors capable in com- 
bination of producing achromatic color, said print control 
apparatus comprising: 

15 

a color conversion table storage memory which 
stores a color conversion table matching the colors 
of the color image and the combination of each 
color tone value to form the above hues by using 
said primary color inks and black ink; 20 
an image data conversion unit which converts said 
image data to tone data of said primary color inks 
and black ink, by referring to said stored color con- 
version table; 

a dot formation unit which determines dot forma- 25 
tion/non-formation by said primary color inks and 
black ink, based on said converted tone data; and 
a control information output unit which sends judg- 
ment results of said dot formation/n on -formation as 
said control information for said printing portion; 30 
wherein said color conversion table is a table 
matching combinations of color tone data of the 
above primary color inks and said black ink in the 
case of color shades whose total density of formed 
dots of each color on said printing media exceeds 35 
the defined density when expressed only by using 
said primary color inks, which combinations of color 
tone data have been confirmed to be unlikely to 
cause bronzing during ink dot formation of each 
color based on each of the above color tone data. 40 

[0008] The print control method of the present 
invention is a print control method for controlling a print- 
ing portion by sending control information for controlling 
the formation of dots of appropriate colors by said print- 45 
ing portion, by which a color image corresponding to 
image data is printed by combining black ink dots and 
ink dots in a plurality of primary colors capable of pro- 
ducing achromatic color by a combination, said print 
control method comprising the steps of: 50 

converting said image data into tone data for said 
primary color inks and black ink, by referring to 
color conversion tables matching the color shades 
of color image and the combination of each color 55 
tone value for expressing this color by said primary 
color inks and black ink; 

determining dot formation/non-formation in said pri- 



mary color inks and black ink; and 
sending said dot form ati on/no n -formation judgment 
results to said printing portion as said control infor- 
mation, 

wherein said color conversion table is a stored table 
matching combinations of color tone data of said 
primary color inks and said black ink in case of color 
shades whose total density of formed dots of each 
color on said printing media exceeds the defined 
density when expressed only by using said primary 
color inks, these combinations of color tone data 
having been confirmed to be unlikely to cause 
bronzing during ink dot formation of each color 
based on each said color tone value. 

[0009] When converting image data into the above 
tone data, the above-mentioned print control apparatus 
and print control method effect conversions by referring 
to the above color conversion table. The color conver- 
sion table here is a number chart in which correspond- 
ing tone data between the above primary color inks and 
black ink for each defined multiple color shades are 
recorded. The above-mentioned print control apparatus 
and print control method judge formation/non-formation 
of dots in the above primary color inks and black ink 
based on the tone data acquired in this way, and send 
the judgment results to the printing portion as the above 
controlling information. By doing so, it is possible for the 
reasons presented below to print high-quality images 
without the occurrence of bronzing. 
[0010] Fig. 17 is an explanatory figure showing the 
conditions under which bronzing occurs, and the 
present invention was completed by discovering the cor- 
relation indicated in Fig. 17. Although the exact condi- 
tions for the occurrence of bronzing vary somewhat 
depending on the type of ink and type of printing media 
used, as well as on the hue of the image to be printed, 
the following explanation is based on the bronzing con- 
ditions described in Fig. 17 to represent the conditions 
under which bronzing occurs. The following is a discus- 
sion of Fig. 17. 

[0011] Fig. 17 shows the conditions under which 
bronzing occurs by assigning black color levels and 
UCR rates to the vertical and horizontal axes, respec- 
tively. Black color is an index corresponding to the 
brightness of the printed image. As the black color level 
value decreases, the brightness of the image increases. 
For example, an image in which only black ink dots are 
formed in every picture element is an image with 100% 
black color level. Similarly, an image in which only black 
ink dots are formed in half of the picture elements is an 
image with 50% black color level. Also, 1 1 0% black 
color level indicates a state in which black ink dots are 
formed superimposed on 10% of the picture elements 
on top of black ink dots formed in every picture element. 
[0012] Also, the printing portion controlled by the 
print control apparatus in the present invention com- 
prises a plurality of primary color inks which are capable 
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of expressing achromatic color by using the combina- 
tion thereof. Therefore, when printing an image of a cer- 
tain black color level, it is possible to print the image not 
only with black ink, but also by combining the primary 
color dots. The UCR rate assigned to the horizontal axis 5 
in Fig. 17 is an index showing the rate of black ink dots 
used when printing an image of black color level. For 
example, a UCR rate of 1 00% indicates a state in which 
an image is printed by using only black ink dots. Also, a 
UCR rate of 50% indicates a state in which half of the 10 
dots of black ink dots under 100% UCR state are 
replaced by a combination of dots of primary color inks. 
[0013] The area with hatching in Fig. 17 is the area 
where bronzing occurs. What is labeled as "ink duty-fac- 
tor" in the figure is an index corresponding to the ink dot 15 
formation density. As the value of the ink duty-factor 
increases, so too does the ink dot formation density. For 
example, 1 00% ink duty-factor indicates a state in which 
dots are formed in every picture element, and 120% ink 
duty-factor indicates a state in which dots are formed 20 
over-layered in 20% of the picture element on top of 
dots formed in every picture element. 
[0014] Here, an image printed under a printing con- 
dition A as shown in Fig. 1 7, that is, under the condition 
of a 70% black color level and 90% UCR rate, as an 25 
example. Since a printing condition A are within the 
hatched area, bronzing occurs in images printed under 
this condition. However, it is possible to avoid bronzing 
by keeping the black color level but changing the UCR 
rate from 90% to 80%, since printing is done under 30 
another printing condition B, which is outside the area 
with hatching. Reducing the UCR rate while maintaining 
the black color level is done by changing a part of black 
ink dots to a combination of dots of primary color inks. 
In this case, reducing the UCR rate while maintaining 35 
the black color level is corresponding to changing a part 
of black ink dots to an equivalent combination of dots of 
primary color inks. Thus, by changing the printing condi- 
tion A to the printing conditions B, it is possible to print a 
high-quality image in which bronzing is less likely to 40 
occur while maintaining hue and brightness. 
[0015] The above explanation presupposes varying 
the printing condition A, in which bronzing occurs, to the 
printing condition B, in which bronzing does not occur. 
However, it is possible to first check the printing condi- 45 
tions under which bronzing occurs, and to set the color 
conversion table based on the results thereof. That is, 
each color tone value confirmed to have less likelihood 
of bronzing occurrence when dots are formed based on 
each color tone value of primary colors and black is set 50 
in the appropriate color conversion table for each hue in 
which black ink dots are formed in addition to dots of pri- 
mary color inks; in other words, each hue whose total 
density of dots in each color formed on printing media 
when printing only using primary color inks is superior 55 
to a predetermined ink tolerance density. By converting 
image data by referring to the color conversion table 
thus set, it becomes possible to print high-quality 



images in which bronzing is unlikely to occur. Note that 
converting image data referring to a color conversion 
table is preferable because it is possible to quickly print 
images without bronzing occurrence, since the time 
required for image data conversion can be reduced. 
[0016] Each printing paper, of course, has the 
defined ink tolerance value, and when the tolerance 
value is exceeded, printed image quality degrades 
because of ink feathering or printing paper swelling. As 
described above, the ink duty-factor increases if printing 
conditions are varied toward decreasing the UCR rate. 
However, as indicated in the example shown in Fig. 17, 
it is usually possible to avoid bronzing by reducing the 
UCR rate without exceeding the ink tolerance value. 
Specialized paper ,on which bronzing is especially likely 
to occur, has a high ink tolerance value. Therefore, 
decreasing the UCR rate to avoid bronzing does not 
lead so far as to the ink tolerance value. 
[0017] As explained above, in the print control 
apparatus and print control method of the present 
invention, image data is converted to tone data in which 
the occurrence of bronzing is confirmed to be unlikely, 
and controlling information of dots of each color ink gen- 
erated based on this tone data is sent to the above- 
mentioned printing portion. Thus, the printing portion 
can generate a high-quality image without bronzing. 
[001 8] By the same token, in the print control appa- 
ratus and print control method of the present invention, 
image data is first converted to tone data in which the 
occurrence of bronzing is confirmed to be unlikely, and 
a color image is printed by forming ink dots of primary 
color inks and black ink, based on the controlling infor- 
mation of dots for each color ink generated based on 
this tone data. As a result, the print control apparatus 
and print control method of the present invention are 
suitable because a good image is produced in which 
bronzing is unlikely to occur. 

[001 9] In the above-mentioned print control appara- 
tus, it is possible to store a plurality of color conversion 
table sets by distinguishing the types of above primary 
color inks and black ink beforehand, then to select a 
color conversion table based on the information about 
the types of the above primary color inks and black ink 
used for dot formation by the above-mentioned printing 
portion, and then to convert the above image data by 
referring to the selected color conversion table. 
[0020] Another option is to store a plurality of color 
conversion table sets by distinguishing the types of 
printing media on which dots are formed, to select a 
color conversion table based on the information about 
the types of printing media on which dots are formed by 
the above-mentioned printing portion, and then to con- 
vert the above image data by referring to the selected 
color conversion table. 

[0021] Yet another option is to store a plurality of 
color conversion table sets by distinguishing types of 
the above primary color inks and black ink, and the 
types of printing media on which dots are formed, to 
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select a color conversion table based on the information 
about the types of ink used for dot formation and the 
types of printing media on which dots are formed by the 
above-mentioned printing portion, and then to convert 
the above image data by referring to the selected color 5 
conversion table. 

[0022] The conditions under which bronzing occurs 
may vary slightly depending on the type of printing ink 
used. Ink attributes are especially different between so- 
called dye-type inks and pigment color inks, and the 10 
conditions under which bronzing occurs are also differ- 
ent. Moreover, bronzing conditions may vary slightly 
depending on the type of printing media on which ink 
dots are formed. Therefore, by selecting a color conver- 
sion table corresponding to the type of ink used for dot 15 
formation or the type of printing media, and by convert- 
ing image data referring to the color conversion table 
thus selected, it is possible to convert color image pre- 
cisely in accordance with the type of ink and type of 
printing media. As a result, the above-mentioned print 20 
control apparatus is suitable because allows the printing 
of high-quality images in which bronzing is unlikely to 
occur. It of course becomes possible to print even better 
images by converting image data by referring to a color 
conversion table which takes into consideration both the 25 
ink type and the printing media type. Moreover, it is 
acceptable to convert image data by using a color con- 
version table selected externally depending on the ink 
type and printing media type from the stored color con- 
version tables. 30 
[0023] Such a print control apparatus can be 
arranged to send controlling information for dots of each 
color ink of cyan, magenta, and yellow as controlling 
information for controlling the formation of ink dots in 
primary color inks. Moreover, the print control apparatus 35 
can be arranged to send controlling information about 
color dots of each color ink of light cyan with lower inten- 
sity than the above cyan, or light magenta with lower 
intensity than the above magenta. 

[0024] The achromatic color can be expressed by 40 
combining each ink in cyan, magenta, and yellow, or by 
combining each ink with the addition of light cyan and 
light magenta inks to these. Therefore, even when 
bronzing occurs, it is possible to avoid bronzing by 
replacing a part of the black ink with cyan, magenta, and 45 
yellow ink, or by replacing part of the black ink with light 
cyan, light magenta, and yellow. Therefore, by first set- 
ting the above color conversion table within the range of 
the combinations of tone data in which the occurrence 
of bronzing is confirmed to be unlikely, and then con- so 
verting the image data by referring to this color conver- 
sion table, the above print control apparatus is suitable 
because it permits the printing of high-quality images 
without bronzing. 

[0025] The above-mentioned print control appara- 55 
tus may be embodied in following manner. That is: 
[0026] A print control apparatus for controlling a 
printing portion by sending control information for con- 
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trolling the formation of dots of appropriate colors by 
said printing portion, by which the color image corre- 
sponding to the image data is printed by combining 
black ink dots and ink dots in a plurality of primary colors 
capable of producing achromatic color by their combi- 
nation, said print control apparatus comprising: 

a first image data conversion unit which converts 
said image data into the first tone data which is tone 
data about each of said primary color inks; 
a second image data conversion unit which con- 
verts said first tone data into the second tone data, 
which is tone data for said primary color inks and 
black ink, by converting at least a part of the achro- 
matic color expressed in said first tone data, so that 
the total said primary color ink dot density formed 
on said printing media does not exceed the defined 
density when converting the above first tone data 
into expression format by formation/non-formation 
of said primary color inks; 

a bronzing occurrence condition storage memory 
which stores bronzing occurrence conditions, which 
are a combination of tone data for said primary 
color inks and black ink, in which bronzing occurs 
during ink dot formation on said printing media; 
an image data confirmation unit which confirms 
said second tone data as the third tone data in 
which bronzing is unlikely to occur, by replacing at 
least a part of the tone data for the black ink in said 
second tone data, in case it is determined, based 
on said stored bronzing occurrence conditions, that 
bronzing will occur when said primary color inks 
and black ink dots are formed based on said sec- 
ond tone data; 

a dot formation unit which determines dot forma- 
tion/non-formation of dots by said primary color 
inks and black ink based on the above confirmed 
third tone data; and 

a controlling information output unit which sends 
said judgment results to said printing portion as 
said controlling information. 

[0027] In such a print control apparatus, after first 
converting input image data into the first tone data, the 
first tone data is converted to the second conversion 
data so that the total density of ink dots in each color 
formed on the printing media does not exceed the 
defined density. Such conversion is done by a part of 
the tone data of the primary color inks expressing the 
achromatic color in the first tone data into the black ink 
tone data. By using ink dots in black ink, the total den- 
sity of ink dots not to exceed the defined density 
because the achromatic color can be expressed with 
fewer ink dots in black ink than ink dots in primary color 
inks. Upon determining whether or not bronzing occurs 
if the image is printed based on the second tone data 
thus obtained, by considering the pre-stored conditions 
under which bronzing occurrence, if bronzing is judged 
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to occur, the second tone data is converted to the third 
tone data by converting a part of the black ink tone data 
to tone data of the primary color inks again. Based on 
the third tone data thus obtained, the formation or non- 
formation of dots of these primary color inks and black 5 
ink is determined, and this judgment result is output as 
the above controlling information. 
[0028] If ink dots of the above primary color inks 
and black ink are formed based on the output controlling 
information in this way, it is possible to print high-quality 10 
images in which bronzing is unlikely to occur. 
[0029] In such a print control apparatus, it is possi- 
ble to store bronzing conditions by using two indices as 
follows. The first index corresponds to the tone data for 
black ink when the achromatic color in the image data is 15 
expressed only by using black ink. One example is an 
index corresponding to the black color level shown in 
the above-mentioned Fig. 17. The second index is an 
index corresponding to the tone data for black ink in 
which bronzing begins to occur when expressing the 20 
achromatic color indicated by the first index. One exam- 
ple is an index corresponding to the UCR rate indicated 
in Fig. 17. By storing these two indices, it is possible to 
store the level at which black ink dot formation bronzing 
occurs, depending on the brightness expressed in the 25 
image data. 

[0030] It is necessary to store tone data corre- 
sponding to the type of the ink used in order to store 
bronzing occurrence conditions as tone data for primary 
color inks and black ink. However, the above print con- 30 
trol apparatus is suitable because it is possible to store 
the tone data by using less storage space by storing the 
tone data using the two indices as described above. 
[0031] In such a print control apparatus, a combina- 
tion of tone data capable of expressing hues without 35 
causing bronzing can be set up, and upon converting 
the above image data, it is possible to have each proc- 
ess of the said unit for bronzing occurrence conditions 
storage and the said unit of image data confirmation 
actually done at the time as image data conversion by 40 
conversion with reference to this color conversion table. 
The above print control apparatus is suitable because it 
enables rapid printing of high-quality images in which 
bronzing is unlikely to occur if each of these processes 
are actually performed at time of image data conver- 45 
sion. 

[0032] In addition to the versions explained above, 
other versions of the invention can be obtained. For 
example, if this invention is conceived by focusing on 
color conversion table settings, the invention can be 50 
conceived as the following color conversion table setting 
method. 

[0033] That is, the above version is a method for 
setting up color conversion tables which are used when 
converting a color image into tone data for each color: 55 
black and the primary colors capable of expressing the 
achromatic color when combined, and in which the 
above color image hues and the above tone data for 



each color are matched and stored, said method com- 
prising the steps of: 

matching each color shade expressed in said 
image data and primary color tone data which is a 
combination of tone data of said primary colors to 
express said colors; 

determining whether the total density of dots of 
each color formed on said printing media exceeds 
the defined density when expressing said color 
shade by forming dots in said primary colors based 
on said primary color tone data; and 
if said total density exceeds the defined density, 
converting at least a part of the tone value corre- 
sponding to the achromatic color in said basic tone 
data to said black tone value equaling the value, 
within the combination of tone data of said primary 
colors and black confirmed to be unlikely to cause 
bronzing in formation of each color dots on said 
printing media. 

[0034] It is possible to print high-quality color 
images in which bronzing is unlikely to occur, by con- 
verting image data by referring to the color conversion 
table set by such a method. 

[0035] Moreover, under this method of setting color 
conversion table, it is possible to determine the range of 
the above combinations of tone data of each color ink in 
which it is confirmed that bronzing is unlikely to occur as 
follows. The range in which bronzing is unlikely to occur 
by: the tone value of the black ink when the tone value 
corresponding to the achromatic color in the tone data 
of the primary colors is expressed only by the above 
black ink; and the tone value of the black ink at which 
bronzing starts to occur when this achromatic color area 
is replaced. 

[0036] It is necessary to store tone data corre- 
sponding to the type of the ink used, in order to store the 
conditions under which bronzing occurs as tone data of 
primary color inks and black. However, the above ver- 
sion of conceiving of the current invention is suitable 
because it is possible to store the tone data by using 
less storage space by storing the tone data using the 
two indices as described above. 

[0037] It is possible to execute the print control 
method of the current invention by executing the func- 
tion for controlling the printing portion by using a compu- 
ter. Therefore, the current invention may be conceived 
of as recording medium in which programs for executing 
these functions by using a computer is recorded in a for- 
mat which computers can read. That is, this version of 
recording medium is a recording medium for recording a 
method for controlling the above printing portion by 
sending control information for controlling dot formation 
of the above colors by the printing portion, which prints 
the color image corresponding to the image data by 
combining black ink dots and ink dots in a plurality of pri- 
mary colors whose combination is capable of producing 
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achromatic color, in a format which computers can read, 
which stores programs for realizing: 

a function for storing color conversion table match- 
ing color shades of color image and combinations 
of each color tone value for expressing said color 
shade in said primary color inks and black ink; 
a function for converting said image data into tone 
data for said primary color inks and black ink, by 
referring to said stored color conversion tables; 
a function for determining dot formation/n on -forma- 
tion in said primary color inks and black ink, based 
on said converted tone data; and 
a function for sending said dot formation/n on -for- 
mation judgment results to said printing portion as 
said controlling information; and 
wherein said color conversion table of the recording 
medium is a table matching combinations of color 
tone data of said primary color inks and said black 
ink in case of color shades whose total density of 
formed dots of each color on said printing media 
exceeds the defined density when expressed only 
by using said primary color inks, these combina- 
tions of color tone data having been confirmed to be 
unlikely to cause bronzing during ink dot formation 
of each color based on each said color tone value. 

[0038] It is possible to print high-quality color image 
in which bronzing is unlikely to occur, by having a com- 
puter read the programs recorded in these recording 
medium and execute various processes. 

OTHER EMBODIMENTS OF THE INVENTION 

[0039] Moreover, it is possible to actualize the cur- 
rent invention by storing program codes which realize 
the above-mentioned print control method on a compu- 
ter, and by having the computer execute the processes 
described by these program codes. Therefore, the cur- 
rent invention may be conceived of as program codes 
as follows. 

[0040] That is, the current invention is conceived of 
as program codes that describe programs for realizing 
controlling method for the above printing portion by 
sending control information for controlling dot formation 
of the above colors by the printing portion which prints 
the color image corresponding to the image data, by 
combining black ink dots and ink dots in a plurality of pri- 
mary colors which in combination are capable of pro- 
ducing achromatic color, which describe program codes 
realizing: 

a function for recording color conversion table 
matching the color image hues with the combina- 
tion of tone value of each color for expressing these 
hues by using the above primary color inks and 
black; 

a function for converting the above image data into 



the above tone data of the primary color inks and 
black, with reference to the above recorded color 
conversion table; 

a function for judging formation/n on -formation of 

5 dots of the above inks of primary colors and black, 

based on the above converted tone data; and 
a function for sending out the above judgment 
results of dot formation/non -formation as the above 
controlling information; 

w wherein the above recorded color conversion table 
is a table matching combinations of color tone data 
of the above primary color inks, with the black ink 
when color shades whose total density of formed 
dots of each color on said printing medium exceeds 

15 the defined density when these color shades are 
expressed only by using said primary color inks, it 
having been confirmed that for these combinations 
of color tone data bronzing is unlikely to occur dur- 
ing ink dot formation of each color based on each of 

20 the above color tone value. 

Best modes of carrying out the invention 

[0041] In order to explain the effect of the current 
25 invention more clearly, preferred embodiments of the 
current invention are explained in the following order. 

A. System configuration: 

B. Summary of printing process 

30 C. A method for avoiding the occurrence of bronz- 
ing: 

C-1. A method for surveying conditions 
under which bronzing occurs: 
35 C-2. The first example of avoiding bronzing: 

C-3. The second example of avoiding bronz- 
ing: 

A. System configuration: 

40 

[0042] Figure 1 is an explanatory figure showing the 
configuration of the printing system of the current inven- 
tion including the print control apparatus. As the figure 
shows, this printing system is configured with a compu- 

45 ter 80 as a print control apparatus and a color printer 20, 
which, when defined programs are loaded onto the 
computer and executed, functions as a printing system 
as a whole. Color images which will be printed are 
scanned in by using a color scanner 21 connected to a 

so computer 80, or images that are created on the compu- 
ter 80 by various application programs may be used. 
These image data ORG are converted to image data 
which can be printed by color printer 20, by a CPU 81 in 
the computer 80. Color printer 20 prints a color image 

55 which corresponds to the color original by forming ink 
dots of each color on printing medium, following this 
image data FNL. 

[0043] The computer 80 is configured with a CPU 
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81, which executes various calculation processes, a 
RAM 83, which temporarily records data, a ROM 82, 
which records various programs, and a hard disk 26 and 
soon. Moreover, the computer 80 can download neces- 
sary data and programs from a server SV on an external 5 
network onto the hard disk 26, when a SIO 88 is con- 
nected to the public telephone line PNT via a modem 
24. 

[0044] The color printer 20 is a printer which can 
print color images. This embodiment uses an ink jet w 
printer, which prints color images by forming dots of four 
colors in total: cyan; magenta; yellow; and black, on 
printing paper. It is certainly possible to use an ink jet 
printer which can form dots of six colors in total: light 
cyan dots, which is cyan with lower intensity: and light 15 
magenta dots, which is magenta with lower intensity; in 
addition to the dots of these four colors. The ink jet 
method of the ink jet printer used in this embodiment 
employs a method which uses piezo elements, as 
described below. It is also possible to use a printer with 20 
a nozzle unit which jets ink in other methods. This 
approach may, for example, be adapted to a printer 
which employs the method of ink jet by bubbles which 
are created in the ink path by applying an electric cur- 
rent to a heater placed in the ink path. 25 
[0045] Figure 2 is a block figure schematically 
showing the software configuration of this print control 
apparatus. On the computer 80, every application pro- 
gram 91 operates under an operating system. A video 
driver 90 and a printer driver 92 are installed in the oper- 30 
ating system, and image data sent out by each applica- 
tion program 91 is sent out to the color printer 20 via 
these drivers. 

[0046] When the application program 91 sends a 
print command, the printer driver 92 on the computer 80 35 
receives image data from the application program 91, 
executes the defined imaging processes, and converts 
the image data to image data which can be printed by 
the printer. As is schematically shown in Figure 2, imag- 
ing processes executed by the printer driver 92 are con- 40 
figured with 4 major modules: a resolution conversion 
module 93; a color conversion module 94; a half tone 
module 95; and an interlace module 96. The contents of 
imaging processes executed by each module will be 
described below. Image data received by the printer 45 
driver 92 is converted by these modules, and then sent 
out to the color printer 20 as the final image data FNL. 
Moreover, the color printer 20 in this embodiment only 
plays a role of forming dots according to the image data 
FNL, and does not execute imaging processes. How- 50 
ever, it is possible to carry out a part of the image con- 
version on the color printer 20. 

[0047] Figure 3 shows the configuration summary 
of the color printer 20 in this embodiment. As is shown 
in the figure, this color printer 20 is configured with a 55 
mechanism which jets ink and forms dots by driving a 
printing head 41 installed in a carriage 40, a mechanism 
which oscillates this carriage 40 axial to the shaft of a 



platen 36 by a carriage motor 30, a mechanism which 
moves printing paper P by means of a paper drive motor 
35, and a control circuit 60. 

[0048] The mechanism which oscillates the car- 
riage 40 in the axial direction relative to the platen 36 is 
configured with: a pulley 32, which tensions an endless 
drive belt 31 between a sliding shaft 33, which sustains 
the carriage 40, which is built parallel to the shaft of 
platen 36 capable of sliding; and a position detection 
censor 34, which detects the default position of the car- 
riage 40 and so on. 

[0049] The mechanism for moving the printing 
paper P is configured with: the platen 36; the paper 
drive motor 35; a paper feed roller, which is not shown 
in the figure; and a gear train (not shown), which trans- 
mits the rotational motion of the paper drive motor 35 to 
the platen 36 and the paper feed roller. The printing 
paper P is placed in such a way so that it is inserted 
between the platen 36 and the paper feed roller, and 
only a defined amount corresponding to the rotational 
angle of the platen 36 is sent. 

[0050] A PC interface 64, which transfers data 
between the computer 80; a peripheral input/output 
component (PIO) 65, which transfers data between the 
paper drive motor 35; the carriage motor 30; a drive 
buffer 67, which supplies dot on/off signals to an ink jet 
head 44 or 47; a CPU 61, which controls them; a RAM 
63, which temporarily records data; and so on, are built 
inside the control circuit 60. An oscillator 70, which 
sends out drive wave, and a distributor 69, which distrib- 
utes the output from the oscillator 70 to the ink jet head 
44 or 47 according to the defined timing, are also built 
inside the control circuit 60. Moreover, two more lines of 
ink jet heads are added in the color printer if it is capable 
of forming dots in total of six colors, light cyan and light 
magenta in addition to dots of four colors: cyan; 
magenta; yellow; and black. 

[0051] As it sends drive signals to the carriage 
motor 30, the CPU 61 sends trigger signals to the oscil- 
lator 70, and synchronizing to them, the CPU 61 reads 
out the dot on/off signals stored on the RAM 63 and 
sends them out to the drive buffer 67. Thus, under the 
control of the CPU 61, ink drops are expelled from each 
of the nozzles provided to the nozzle unit while the car- 
riage 40 is scanned horizontally. Moreover, the CPU 61 
controls the motion of the paper drive motor 35, syn- 
chronizing to the motion of the carriage. Thus, ink dots 
are formed in the appropriate positions on the printing 
paper. 

[0052] An ink cartridge 42, which stores black (K) 
ink, and an ink cartridge 43, which stores 3 color inks, 
cyan (C), magenta (M), and yellow (Y), are attached to 
the carriage 40. It is also possible to store the K ink and 
the plurality of color inks in the same ink cartridge. It is 
also possible to store each color ink in a separate car- 
tridge. Allowing a plurality of inks to be stored in one 
cartridge makes it possible to configure the ink cartridge 
compactly. 
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[0053] Figure 4 is an explanatory figure showing the 
visual shape of the ink cartridge 42. As is shown, an 
identification label 56 is pasted on the ink cartridge, on 
which the type of ink stored in the ink cartridge is writ- 
ten. As described below, in the printing apparatus of this 
embodiment, it is possible to print high-quality images in 
which so-called bronzing is unlikely to occur, according 
to the information on the type of ink and the printing 
paper. The type of ink is specified by the number written 
on the identification label 56. 

[0054] Figure 5 is an explanatory figure showing an 
example of compositions of ink stored in the ink car- 
tridges 42, 43. Figure 5 (a) shows the composition of so- 
called dye-type ink, whose ink color is created by dye; 
and Figure 5 (b) shows the composition of the so-called 
pigment ink. As illustrated in Figure 5, each ink is a 
mixed solution made up by adding the appropriate 
amount of each of the following to distilled water: dye or 
pigments for ink coloration; and an organic solvent used 
as a solvent for the dye or the pigments, as well as for 
adjusting the ink viscosity. Needless to say, various 
other ink compositions than the compositions shown in 
Figure 5 can be employed. Moreover, light magenta and 
light cyan ink use a composition in which the dye con- 
centration is lower than cyan ink or magenta ink. 
[0055] When the ink cartridges 42, 43, which store 
these inks, are attached to the carriage 40, each ink 
inside the cartridges is supplied to the ink jet head 44 or 
47 for each color respectively through a pipe which is 
not shown in the figure. The ink which is supplied to 
each head is jetted in the method explained below and 
forms dots on the printing paper. 
[0056] Figure 6 (a) is an explanatory figure showing 
the internal structure of the ink head for each color. 48 
nozzles Nz are set up for each color inside the ink jet 
head 44 or 47 specified for each color, and an ink path 
50, and piezo elements PE along that path, are set up in 
each nozzle. The piezo elements PE are, as is well- 
known, elements whose crystal structure is distorted by 
application of voltage, and they render electricity - 
machine energy conversion at an extremely high speed. 
In this embodiment, by applying voltage for a defined 
time period between electrodes set up at each end of 
the piezo elements PE, the piezo elements PE expand 
during the time period of voltage application, and trans- 
form one side of the ink path 50. As a result, the volume 
of the ink path 50 flexes according to the expansion of 
the piezo elements PE, and the amount of ink corre- 
sponding to the amount of this erosion is jetted at a high 
speed as particles Ip from the nozzles Nz. As the print- 
ing paper P attached to the platen 36 absorb this ink Ip, 
dots are formed on the printing paper P. Moreover, it is 
possible to control the size of jetted ink drops by control- 
ling the voltage wave applied to the piezo elements PE. 
If the size of jetted ink drops is controlled, the size of ink 
dots formed on the printing paper can be controlled. 
[0057] Figure 7 is an explanatory figure showing the 
arrangement of the ink jet nozzles Nz in the ink jet head 



44 or 47. As indicated, 4 sets of nozzle arrays which jet 
each color ink are configured on the bottom side of the 
Inkjet head, and 48 nozzles Nz per set of nozzle arrays 
are arranged in a zigzag pattern at a fixed nozzle pitch 
5 k. Moreover, the 48 nozzles Nz do not need to be 
arranged in a zigzag pattern, but can be arranged on a 
straight line. However, a zigzag arrangement has the 
advantage of being able to decrease the value of the 
nozzle pitch k. 

10 [0058] As is shown in Figure 7, the ink jet head 44 
or 47 for each color is staggered in the drive direction of 
the carriage 40. Moreover, the nozzles of each color 
head are also staggered in the drive direction of the car- 
riage 40 because they are arranged in a zigzag pattern. 

15 The control circuit of the color printer 20 jets ink drops 
by driving the respective PE elements according to an 
appropriate timing, taking into account the differences in 
the positions of these nozzles as it drives the carriage 
40. 

20 [0059] The color printer 20, which has the above 
hardware configuration, moves the ink jet head 44 or 47 
for each color in the main scanning direction in relation 
to the printing paper P by means of the driving carriage 
motor 30, and moves the printing paper P in the sub 

25 scanning direction by driving the paper driving motor 35. 
Under the control of the control circuit 60, the color 
printer 20 prints color images on printing paper by driv- 
ing the nozzles according to the appropriate timing and 
jetting ink drops as it repeats the main scanning and sub 

30 scanning of the carriage 40. 

B. Summary of printing process: 

[0060] As is described above, the color printer 20 
35 possesses the function of printing color images by 
receiving image data FNL. The image data FNL sup- 
plied to the color printer 20 is generated by the compu- 
ter 80 executing defined imaging processes on the color 
image. Figure 8 is a flow chart showing the summary of 
40 the process in which the computer 80 sends out the 
image data FNL to the color printer 20 and print the 
image. This process is carried out by using each func- 
tion of the CPU 81 , in the printer driver 92 of the compu- 
ter 80. In the following, summary of printing process is 
45 explained following the figure. 

[0061] As is shown in Figure 8, the CPU 81 first 
inputs image data (Step S100) when printing process 
routine starts. This image data is supplied by the appli- 
cation program 91 as explained in Figure 2, and pos- 
se sesses 256 color tone ranging from 0 to 255 for 
respective R-G-B color for each image element which 
makes up the image. The resolution of this image data 
changes according to the resolution of the original 
image data ORG. 
55 [0062] After the image data input, the CPU 81 con- 
verts the resolution of the image data to the resolution 
for printing on the color printer 20 (step S102). When 
the resolution of the image data is lower than the print- 
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ing resolution, a resolution conversion is done by gener- 
ating new data between the adjacent original image 
data by linear interpolation. On the other hand, when 
the resolution of the image data is higher than the print- 
ing resolution, a resolution conversion is done by thin- 
ning the data at fixed ratio. 

[0063] Next, the CPU 81 executes a color conver- 
sion process (Step S104). The color conversion process 
converts image data made up of R-G-B tone data to 
respective tone value data for C-M-Y-K, which is used 
by the color printer 20. This process is carried out by 
using a color conversion table LUT (cf. Figure 2). Com- 
binations of C-M-Y-K for expressing each color, which 
are made up of combinations of R-G-B respectively, are 
stored in the LUT. Moreover, if the color printer is capa- 
ble of forming dots in light cyan (LC) and light magenta 
(LM), an LUT which stores the combinations of LC and 
LM in addition to C-M-Y-K is used. The color printer 20 
in this embodiment avoids the occurrence of bronzing 
by appropriately executing color conversion process by 
adjusting to the combination of printing paper and ink. 
The details of color conversion process are described 
below. 

[0064] Binary processing is executed when the 
color conversion process is finished. In this embodi- 
ment, the image data after color conversion is a 256 
color tone image of 4 colors, C-M-Y-K, respectively. On 
the other hand, the color printer 20 in this embodiment 
can only choose between 2 choices: dot formation or 
non-formation. Therefore, it is necessary to convert the 
image composed of 256 color tone data to an image 
expressed by 2 color tone data which can be expressed 
by the color printer 20. This conversion is executed by 
binary processing. 

[0065] When the binary processing is finished, the 
CPU 81 starts interlace processing (Step S108). This 
process rearranges the image data, which has been 
converted by the binary processing to the format which 
specifies dot formation/n on -formation, in the order the 
image data is sent to the color printer 20. 1 n other words, 
as mentioned above, the color printer 20 forms dot lines 
(raster) on the printing paper P by driving the printing 
head 41 , repeating main scanning and sub scanning of 
the carriage 40. As explained using Figure 7, the multi- 
ple nozzles Nz are built in the ink jet head 44 or 47 for 
each color, thus multiple lines of raster can be formed 
by one main scanning. These raster are spaced at the 
interval of the nozzle pitch k. Thus, it becomes neces- 
sary to have a kind of control which first forms multiple 
rasters which are spaced at the interval of the nozzle 
pitch k in one main scanning, then forms new raster 
among these raster. When such controlling is done, the 
order in which dots are formed by the color printer 20 is 
different from the order of picture element of the image 
data. Therefore, the image data is rearranged in inter- 
lace processing. 

[0066] After the interlace processing, the image 
data is sent out to the color printer 20 as the image data 



FNL, which can be printed by the printer (step S110). 
The image is printed on printing paper by dot formation 
by the color printer 20. 

5 C. A method for avoiding the occurrence of bronzing: 

[0067] The printing system of this embodiment 
prints high-quality images in which bronzing does not 
occur either by surveying the conditions under which 

w bronzing occurs beforehand and avoiding these condi- 
tions, or by setting the color conversion table to avoid 
these conditions. In the following, a method for survey- 
ing the conditions under which bronzing occurs is first 
explained, and then a method for printing high-quality 

15 image by avoiding these conditions is explained. 

C-1 . A method for surveying the conditions under which 
bronzing occurs: 

20 [0068] Figure 9 is an explanatory figure showing a 
method for surveying conditions under which bronzing 
occurs in this embodiment. As is shown in the figure, in 
this embodiment, the conditions under which bronzing 
occurs are surveyed by means of printing a patch image 

25 group in which black level (lightness) and UCR rate of 
each patch image are changed. In the following, this is 
explained using Figure 9. 

[0069] Printing conditions are surveyed prior to 
printing the patch image group. The printing conditions 

30 here are 3 conditions related to bronzing: ink type, print- 
ing paper type, and hue. Ink type and printing paper 
type are surveyed first, because it is known that the like- 
lihood of bronzing occurrence differs according to the 
combination of ink and printing paper. As for hues, it is 

35 mainly the achromatic color that is surveyed, but it is 
possible to survey cyan, magenta, and yellow as well. 
[0070] After these conditions are determined, the 
above printing system prints a patch image group in 
which 21 small squares (a patch image) are arranged 

40 vertically and horizontally. Each patch image differs in 
the black level vertically, and in the UCR rate horizon- 
tally. The details of UCR rate is described below. Black 
level is an index as whose value increases, lightness 
decreases. When printing is done only by using a K ink, 

45 the black level value is the same as the dot recording 
ratio of the K dots. A dot ratio is the ratio with which dots 
are formed for picture elements. For example, 1 00% dot 
ratio means that dots are formed for every picture ele- 
ment, and 50% dot ratio means that dots are formed for 

so half of the picture elements. Moreover, 110% dot ratio 
means that dots are formed on 10% of the picture ele- 
ments, over the dots formed for every picture element. 
[0071] As mentioned above, black can be 
expressed by printing either in K dots, or in combination 

55 of approximately same number of C dots, M dots, and Y 
dots. The black printed by using C dots, M dots, and Y 
dots is called composite K, to distinguish it from the 
black printed in K dots. This means that it is possible to 
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print patch images with same black level by only using K 
dots, or by using composite K. Cases where only K dots 
are used in printing are defined as 1 00% UCR rate, and 
cases where only C-M-Y dots are used are defined as 
0% UCR rate. 50% UCR rate means that the half of the 5 
K dots of 1 00% UCR rate are replaced by C-M-Y dots. 
[0072] From among the patch images printed under 
different conditions, patch images in which bronzing has 
occurred are selected by sight. Figure 10 (a) is an 
example of a selection of patch images in which bronz- 10 
ing has occurred under the conditions set by a combina- 
tion of an ink and a printing paper. The circled patch 
images in Figure 10 (a) are the patch images in which 
bronzing is judged to have occurred. Generally, bronz- 
ing occurs when black level is high, and UCR rate is also 15 
high. Moreover, Figure 10 (a) shows the case in which 
dye-type ink shown in Figure 5 (a) is used, but similar 
results can be obtained by using pigment-type ink 
shown in Figure 5 (b). 

[0073] Figure 10 (b) organizes the results in Figure 20 
10 (a). Bronzing occurs under the conditions in which 
hatching is applied in Figure 10 (b). For example, bronz- 
ing occurs if an image with 70% black level is printed 
only in K ink, but by replacing 20 of the K dots by com- 
posite K, it is possible to avoid the occurrence of bronz- 25 
ing. Moreover, the number of dots formed for the unit 
area increases when 20% of the K dots are replaced by 
approximately same number of C dots, M dots and Y 
dots. Therefore, dot recording ratio is 70% before using 
composite K, while the dot recording ratio of K dots, C 30 
dots, M dots, and Y dots increases to the total of approx- 
imately 98% as a result of partially using composite K. 
The ink duty-factor shown in Figure 10 (b) is the total 
value of the dot recording ratio of the dots in each color. 
Attention must be paid to keep the ink duty-factor from 35 
exceeding the defined value when printing images. That 
is, if too many ink dots are formed in the same position 
on the printing paper, the image degrades because the 
inks mix with each other or the printing paper swells and 
creases. For this reason, the ink duty tolerance is deter- 40 
mined for each printing paper, and it is necessary to 
print images within the range of this limit. In the color 
printer 20 in this embodiment, K dots are partially 
replaced by composite K in order to avoid bronzing; at 
the same time, care is taken to make sure that the ink 45 
duty tolerance does not exceed the limit. 
[0074] For each combination of ink type and print- 
ing paper, a patch image group shown in Figure 9 is 
printed and data shown in Figure 10 (b) are accumu- 
lated. Changing the conditions that are related to the so 
hues is done as follows. To survey cyan, defined 
number of cyan dots are formed, and the above-men- 
tioned black level patch image group is printed over 
these dots. There are various possible settings for the 
cyan dots formed first. Here, cyan dots with 30% dot 55 
recording ratio are formed. The conditions under which 
bronzing occurs are surveyed for magenta and yellow in 
the same manner. 



[0075] Figure 1 1 shows the survey of the conditions 
under which bronzing occurs by only changing the hues 
in this manner. Strictly speaking, the conditions under 
which bronzing occurs are slightly different according to 
each hue, but the tendency is the same. Moreover, the 
conditions under which bronzing occurs seem to be 
most broad with the achromatic color, and slightly nar- 
rower when the hue is changed. This phenomenon can 
be considered in the following way at the present: In 
patch images that have the same black level, compared 
to the achromatic color, K dot ratio is lower in the 
amount of the dots already formed in the case of chro- 
matic colors, in which K dots are printed over dots such 
as C dots that are already formed. This results in the 
same effect as increasing the ratio at which K dots are 
replaced by composite K. The conditions under which 
bronzing occurs are thought to be slightly narrower for 
chromatic colors than the achromatic color for this rea- 
son. 

[0076] Although the cause of the bronzing phenom- 
enon is inadequately understood at present, the inven- 
tors have simply studied the occurrence of bronzing 
under achromatic color conditions only. It has been 
found in practice that the problem does not occur, even 
if the same results are obtained for chromatic or achro- 
matic colors. Dot formation for each color is controlled 
using this knowledge in the color printer 20 of this 
embodiment, as discussed below. 

C-2. Embodiment 1 Which Avoids Bronzing 

[0077] In the color conversion processing of the 
print processing routine described above, the printing 
system of this embodiment converts the R-G-B color 
image data into C-M-Y-K color tone data (Fig. 8, Step 
S104). Next, the printing system determines whether or 
not C-M-Y-K dots for each color are formed based on 
the tone data converted by means of binary processing 
(Step S106), and these binary results are used to form 
dots for each color. At this point, bronzing will occur and 
print quality will degrade if the forming proportions of 
these dots for each color are not appropriate. In Embod- 
iment 1 of the printing system, the conditions under 
which bronzing occurs will be stored ahead of time, and 
bronzing will be avoided by correcting the color conver- 
sion results as follows. 

[0078] Fig. 1 2 is a flowchart showing the color con- 
version processing in Embodiment 1. As shown in the 
flowchart, by starting the color conversion processing in 
Embodiment 1 , printing parameters are acquired first by 
the CPU 81, and the bronzing occurrence conditions 
are selected according to the printing parameters thus 
acquired (Step S200). Therefore, the ranges within 
which bronzing will occur vary according to the combi- 
nation of the variety of ink and the printing paper, as dis- 
cussed above. The variety of ink and the type of printing 
paper is acquired beforehand, and the definition of the 
conditions under which bronzing will occur is made 



11 



21 



EP 1 087 613 A2 



22 



according to this information. The acquisition of printing 
parameters and then the selection of bronzing occur- 
rence parameters will be discussed below. 
[0079] Printing parameters are acquired on the 
basis of the settings put in to the printer driver 92 by the 
user of the color printer 20. The variety of ink is input 
according to the product number into the printer driver 
92 as displayed on the monitor in order to specify the 
ink. As shown in Fig. 4, the ink product number is 
printed on the label on the ink cartridge. The types of 
printing paper are displayed on the computer monitor. 
The user of the color printer 20 makes his/her selection 
from these. Based on this selection, the printer driver 92 
specifies the printing paper. This information pertaining 
to the variety of ink and the type of printing paper is 
stored in the printer driver 92, and is stored there until 
the user of the color printer 20 makes other selections 
through the monitor display. This information is first read 
into the CPU 81 in Step S200. 

[0080] Next, the conditions under which bronzing 
occurs are defined according to the printer parameter 
information which has been read in. Fig. 3 describes the 
method for establishing the conditions under which 
bronzing occurs. This method is used to survey before- 
hand the conditions under which bronzing occurs for 
each type of ink and printing paper. If the survey results 
are similar to each other, there are stored as 1 summary 
result in Embodiment 1. In other words, since a great 
deal of memory capacity would be required to store all 
the survey results for each ink and printing paper vari- 
ety, similar results are summarized as one result. 
[0081] Fig. 13(a) shows the corresponding relation- 
ship between the printing parameters (in other words, 
the combination of the ink varieties and paper varieties), 
and the stored survey results. For example, assuming 
that virtually the same bronzing conditions obtain when 
paper 1 is used with ink 1 , or when paper 1 is used with 
ink 2, or when paper 2 is used with ink 3, these printing 
conditions will all be stored as Results A. As shown in 
Fig. 13(a), these similar survey results can be stored as 
a summary result for four types of survey results A 
through D corresponding to 9 printing parameters 
stored in the computer 80. 

[0082] Each survey result is stored in the formats 
shown in Fig. 13(b). Thus, the UCR rate is stored only in 
the range from 100% to 50%. In this way, memory 
usage is minimized since bronzing does not occur when 
the UCR rate is under 50%. Also, the black level is con- 
verted and stored according to the tone value. The rea- 
son for this is discussed below. 

[0083] The CPU 81 determines the bronzing occur- 
rence conditions by selecting one of the above-men- 
tioned survey results according to the printing 
parameter information, shown in Fig. 13(a) which has 
been read in. This processing is performed in Step 
S200. 

[0084] Next, the CPU 81 converts the R-G-B color 
image data into C-M-Y-K color tone data by referring to 



the color conversion table LUT (Step S202). Fig. 14 
shows a schematic diagram of a color conversion table 
LUT. The R-G-B color tone data intersect orthogonally 
in three axes, and the spaces formed by the three axes 

5 create a grid. If each of the R-G-B coordinates formed at 
the intersections of this grid is made to correspond to 
the R-G-B color tone data, then the intersections at 
each point represent a different color. The C-M-Y-K tone 
data corresponding to the intersections are stored for 

io each and every intersection coordinate. The color con- 
version table expresses these three dimensions numer- 
ically. 

[0085] Referring to the color conversion table, the 
CPU 81 performs color conversion as follows. Given, for 

15 example, that the R-G-B tone data of the image data are 
expressed as RA-GA-BA, then consider point A as 
expressed by the coordinates (RA, GA, BA) of the color 
conversion table. A small cube like dV which includes 
point A is found and the peak intersections of this cube 

20 are stored as tone data of C-M-Y-K and are read out. 
From these read-out tone data, These tone data which 
have been read out are interpolated and the tone data 
for C-M-Y-K corresponding to point A are computed. 
[0086] The CPU 81 computes the black level and 

25 the UCR rate upon completion of this color conversion 
(Step S204). While expressing the color corresponding 
to each intersection, the color tone data of C-M-Y-K 
which are stored at the intersections of the color conver- 
sion tables also set the UCR rate which enables the pro- 
se duction of high-quality images. Thus, if for example a 
relatively bright color like gray is expressed, there is a 
tendency for K dots, which tend to stand out, to be 
sparsely formed, creating a poor image with a rough- 
looking, rather grainy appearance. Instead of K dots, the 

35 picture is enhanced through the use of composite K. On 
the other hand, when expressing dark colors which are 
close to black, the image is expressed not with compos- 
ite K, but with K dots. If composite K is used to express 
darker colors, the above-mentioned ink duty limit is 

40 exceeded, and the image quality degrades. On the 
other hand, even if K dots are formed in darker colors, 
the dots will stand out and there will be no degradation 
in image quality,. In this way, the UCR rate is low in the 
case of comparatively bright colors in order to obtain 

45 high-quality images, while the UCR rate is high for com- 
paratively dark colors. However, bronzing may occur 
when ordinary color conversion is performed. In order to 
determine whether bronzing will occur or not, the black 
level and UCR rate for the color conversion results are 

50 computed in Step S204. 

[0087] The black level Brk and UCR rate Rucr are 
computed according to the following equations: 

Brk = min (cc1 x Cv, cc2 x Mv, ot3 x Yv) x 3 + Kv (1) 

55 

Rucr =Kv/ Brk (2) 
Where Cv, Mv, Yv, and Kv represent the C, M, Y, K color 
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tone data found according to the color conversion 
results from Step S202. When a K-ink expression is 
converted to a composite-K expression, otl , a2, and a3 
are coefficients which represent the ink proportions for 
the C, M, and Y colors. These coefficients are calcu- 
lated experimentally beforehand, min ( ) is factor which 
selects the minimum value. For example, the smallest of 
X, Y, Z will be used in the case of min (X,Y, Z). 
[0088] Having obtained the black level Brk and the 
UCR rate Rucr according to these methods, the CPU 81 
commences processing to determine whether bronzing 
will take place or not based on these values (Step 
S206). In other words, since the conditions under which 
bronzing will occur have already been determined in 
Step S200, whether or not bronzing will occur can be 
determined by using the black level Brk and the UCR 
rate values which are computed in Step S204. 
[0089] We will now discuss the reasons why the 
survey results of the conditions under which bronzing 
will occur as shown in Fig. 13(b) are stored in a con- 
verted form according to the black level tone data. As 
shown in Equations (1) and (2), the black level Brk and 
the UCR rate Rucr values after color conversion are 
found from tone data. Here, in order to simplify the judg- 
ment of whether or not bronzing will occur, the survey 
result black levels are also converted according to tone 
data and then stored. 

[0090] If it is determined in Step S206 that bronzing 
will occur, the UCR rate will be corrected and bronzing 
will be avoided (Step S208). Specifically, the UCR rate 
is corrected as follows. 

[0091] The maximum value Rlmt of the UCR rate at 
which bronzing does not occur is found at the calculated 
black level Brk, and its difference AR between the UCR 
rate Rucr after color conversion is found. Here, since 
the conditions under which bronzing will occur are found 
in Step S200 (see Fig. 13), the maximum value Rlmt 
can be easily found by referring to these survey results. 
Using the AR thus determined, the color tone data for C- 
M-Y-K are corrected according to the following equa- 
tions: 

Kv -> Kv - AR (3) 

Cv -^Cv + a1 • AR (4) 

Mc -> Mv + a2 • AR (5) 

Yv -> Yv + a3 • AR (6) 

where the -> symbol indicates subsitution. Thus, the 
symbol in A — » B means that B substitutes for A. More- 
over, the values for a1 , a2, and a3 are found experi- 
mentally, and are the coefficients used in Formula (1), 
above. 

[0092] If it is determined in the processing done in 
Step S206 that bronzing will not occur, a judgment is 
made as to whether or not color conversion processing 



has been completed for all picture elements (Step 
S210). If unprocessed picture elements are found 
remaining, processing is returned to Step S202 and 
processing is repeated. If no unprocessed picture ele- 

5 ments are found, color conversion processing is con- 
cluded and processing is returned to the printing 
processing routine shown in Fig. 8. 
[0093] When processing is returned to the printing 
processing routine shown in Fig. 8, binary processing 

w (Fig. 8, Step S106), is performed for the color conver- 
sion results obtained above. Thus, the 256 color tone 
image data for the C, M, Y, and K colors obtained 
through color conversion processing is converted into 
binary data which can express whether or not a dot is 

15 torn be formed. The image data this obtained is inter- 
laced (Fig. 8, Step S1 08), and sent to the printer. 
[0094] In Embodiment 1, binary processing is per- 
formed for the corrected color tone data color conver- 
sion processing results so that bronzing does not occur. 

20 Therefore, the dots are formed at a proportion such that 
bronzing does not occur for the dots of each color which 
are judged either. 

[0095] As described above, Embodiment 1 per- 
forms color conversion processing using the existing 

25 color conversion tables, and corrects the conditions that 
cause bronzing to occur. Therefore, by adding data con- 
cerning new conditions which cause bronzing to occur, 
it is easy to obtain high-quality images without bronzing. 
[0096] In the foregoing discussion, the ink variety 

30 and type of printing paper used are read in as printing 
parameters. However, either the ink variety or the type 
of printing paper can be read in as printing parameters, 
and a judgment can be made on this basis as to 
whether or not bronzing will occur. Also, by limiting the 

35 number of parameters which need to be stored in order 
to determine the occurrence of bronzing, the use of 
computer storage capacity can be minimized. 

C-3. Embodiment 2 Which Avoids Bronzing 

40 

[0097] In Embodiment 1, the existing color conver- 
sion tables are used to perform color conversion, and 
color conversion results are corrected so that bronzing 
does not occur. However, there is a method in which the 

45 color conversion tables are modified bearing in mind the 
conditions under which bronzing occurs, and the modi- 
fied color conversion tables are used to perform color 
conversion processing (Fig. 8, Step S104). Embodiment 
2 is a method which uses the color conversion table 

so which has been set up in consideration of bronzing con- 
ditions in this way. 

[0098] Embodiment 2, uses a modified color con- 
version table which is set up ahead of time bearing in 
mind the conditions under which bronzing occurs. As a 
55 result, just by executing a normal printing processing 
routine with the computer 80, high-quality images can 
be printed by the color printer 20 without the occurrence 
of bronzing. The conditions under which bronzing 
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occurs are borne in mind in the following discussion 
about how this color conversion tables are set up. 
[0099] Fig. 1 5 is a flowchart describing the process- 
ing flow for setting up the color conversion table based 
on the conditions under which bronzing occurs. This 
processing is performed by the computer's 80 CPU 81 . 
The CPU 81 corrects the existing color conversion table 
by performing this processing, and as a result gener- 
ates a new color conversion table based on an aware- 
ness of the conditions under which bronzing occurs for 
each combination of inks and printing papers. Naturally 
it is perfectly acceptable for color printers to be shipped 
from the factory with corrected color conversion tables. 
[0100] When color conversion table correction 
processing is started, first printing parameters are 
acquired, and then the conditions under which bronzing 
occurs are defined (Step S300). In other words, since 
the conditions under which bronzing occurs vary 
according to the combination of ink and paper varieties, 
the amount of color conversion table correction will vary 
according to these various combinations. At this point, a 
decision is made about whether to correct the color con- 
version table in light of the anticipated printing parame- 
ters. Specifically, the operator of the computer 80 sets 
up the printing parameters by inputting the ink product 
number and the type of printing paper by using the 
screen display, as in Embodiment 1, discussed above. 
[0101] The conditions under which bronzing occurs 
are determined on the basis of the printing parameters 
which have been set up. Thus, the survey results for the 
conditions under which bronzing occurs are stored 
ahead of time for each combination of ink and paper 
varieties, as in Embodiment 1 (See Fig. 13). The corre- 
sponding survey results are defined according to the 
printing parameters which have been set up. 
[0102] Next, the C-M-Y-K color tone data which has 
been set up in the LUT intersections of the CPU's 81 
color conversion table are read out (Step S302), and the 
black level and UCR rate are computed for the intersec- 
tions which are read out (Step S304). Equations (1 ) and 
(2) are used for computation, as in Embodiment 1. 
[0103] Based on the black level Brk and the UCR 
rate Rucr found in this way, a determination is made as 
to whether the tone data set up at the grid intersections 
is appropriate or not. In other words, a judgment is 
made as whether bronzing conditions are present or not 
(Step S306). Since the conditions under which bronzing 
occurs are already defined in Step S300, it is easy to 
use the combination of the computed black level Brk 
and the UCR rate Rucr to determine whether or not 
these are conditions under which bronzing occurs by 
referring to these conditions. 

[0104] When it is determined that the conditions 
under which bronzing occurs are present, the tone data 
for C-M-Y-K are corrected as follows (Step 308), as in 
Embodiment 1. First, reference is made to the condi- 
tions under which bronzing occurs which have been 
defined in Step S300, and the maximum value Rlmt at 



which bronzing does not occur for the computed black 
level Brk is found. Next, the AR value for the difference 
between the maximum Rlmt and the computed UCR 
rate Rucr is found, and the C-M-Y-K color tone data are 

5 corrected using equations 3-5, presented above. 

[0105] If conditions under which bronzing occurs 
are identified in Step S306 processing, a determination 
is made as to whether tone data correction has been 
completed or not for all the intersections of the color 

w conversion table (Step S31 0), and if unprocessed inter- 
sections are found remaining, processing is returned to 
Step S302 and processing is repeated. In this way, the 
color correction tables are corrected and stored for each 
combination of inks and printing papers. 

15 [0106] Fig. 16 is a flowchart showing the processing 
flow performed in the color conversion processing in the 
printing processing routine (Fig. 8, Step S104), when an 
image is printed with a color printer 20 of Embodiment 
2. The flowchart in Fig. 16 presents a simplified expla- 

20 nation of the color conversion processing done by the 
color printer 20. When color conversion processing is 
started, the CPU 81 first acquires the printing parame- 
ters (type of ink and type of printing paper) (Step S400). 
These parameters are input beforehand through the 

25 display screen of the CRT by the user of the color printer 
20, and this information is acquired by the color printer 
20. 

[0107] Next, the color conversion table correspond- 
ing to the acquired printing parameters is selected (Step 

30 S402). Since the color conversion tables are converted 
and stored for each printing parameter in the color con- 
version table correction processing described above, 
the color conversion table corresponding to the printing 
parameters is selected from these. In the explanation of 

35 this embodiment, it is assumed that the printer drivers 
will automatically select the color conversion table 
which is appropriate for the printing parameters. How- 
ever, it is acceptable to specify externally the color con- 
version table appropriate for the printing parameters. 

40 [0108] Reference is made to the color conversion 
table which is selected in this fashion, the RGB image 
data are converted into CMYK image data (Step S404), 
and if color conversion is completed for all the picture 
elements, the system returns to the printing processing 

45 routine. 

[0109] In this way, the color conversion processing 
of Embodiment 2 uses corrected color conversion 
tables so that bronzing does not occur for any of the 
printing parameters. Therefore, high-quality images can 

so ultimately be obtained without bronzing by performing 
processing such as binary processing for the color con- 
version results obtained in this way. 
[0110] As explained above, in Embodiment 2, the 
color conversion tables are corrected beforehand bear- 

55 ing in mind the conditions under which bronzing occurs. 
Printing can be done rapidly and without bronzing just 
by performing normal color conversion processing if 
these corrected color conversion tables are used for 
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color conversion processing. 

[0111] In Embodiment 2, described above, 
although the conditions under which bronzing occurs 
are considered in terms of each combination of inks and 
printing papers, to simplify things, either the ink variety 5 
or the type of printing paper can be considered. In so 
doing, processing can be done according to the color 
conversion table correction processing shown in Fig. 15 
and the color conversion processing in Fig. 16. Also, a 
more economical use of memory capacity can be 10 
effected by limiting the number of color conversion 
tables which need to be stored, which is desirable. 
[0112] Each embodiment has been present above. 
However, the embodiments of this invention are not lim- 
ited to these, and the invention can be implemented in 15 
various forms as long as its essential elements are pre- 
served. For example, software programs (application 
programs), which perform the functions described 
above can supply and execute these functions through 
the computer system's main memory or external mem- 20 
ory devices by means of telecommunication circuits. 

Claims 

1. A print control apparatus for controlling a printing 25 
portion by sending control information for control- 
ling the formation of dots of appropriate colors by 
said printing portion, by which a color image corre- 
sponding to image data is printed by combining 
black ink dots and ink dots in a plurality of primary 30 
colors capable in combination of producing achro- 
matic color; said print control apparatus compris- 
ing: 

a color conversion table storage memory which 35 
stores a color conversion table matching the 
colors of the color image and the combination 
of each color tone value to form the above hues 
by using said primary color inks and black ink; 
an image data conversion unit which converts 40 
said image data to tone data of said primary 
color inks and black ink, by referring to said 
stored color conversion table; 
a dot formation unit which determines dot for- 
mation/non-formation by said primary color 45 
inks and black ink, based on said converted 
tone data; and 

a control information output unit which sends 
judgment results of said dot formation/n on -for- 
mation as said control information for said 50 
printing portion; 

wherein said color conversion table is a table 
matching combinations of color tone data of the 
above primary color inks and said black ink in 
the case of color shades whose total density of 55 
formed dots of each color on said printing 
media exceeds the defined density when 
expressed only by using said primary color 



inks, which combinations of color tone data 
have been confirmed to be unlikely to cause 
bronzing during ink dot formation of each color 
based on each of the above color tone data. 

2. The print control apparatus according to Claim 1, 
said print control apparatus further comprising: 

an ink type information storage memory which 
receives and stores information for said pri- 
mary color ink type and said black ink type 
used for said dot formation by said printing por- 
tion; 

wherein said color conversion table storage 
memory is a memory which stores a plurality of 
said color conversion table sets by distinguish- 
ing the types of said primary color inks and 
black ink; and 

said image data conversion unit selects said 
conversion table corresponding to the inks 
used by said printing portion based on said 
stored ink type information, and converts said 
image data referring to the above color conver- 
sion table. 

3. The print control apparatus according to Claim 1, 
said print control apparatus further comprising: 

a medium type information storage memory 
which receives and stores information about 
printing media type on which said printing por- 
tion forms each of said color dot; 
wherein said color conversion storage memory 
is a memory which stores a plurality of said 
color conversion tables set by distinguishing 
types of said printing media; and 
said image data conversion unit selects said 
color conversion table corresponding to print- 
ing media used by said printing portion based 
on said stored media type information, and is a 
unit which converts said image data by refer- 
ring to the above selected color conversion 
table. 

4. The print control apparatus according to Claim 1, 
said print control apparatus further comprising: 

an ink type information storage memory which 
receives and stores information for said pri- 
mary color ink type and said black ink type 
used by said printing portion for said dot forma- 
tion; 

a media type information storage memory 
which receives and stores information about 
printing media type on which said printing por- 
tion forms each said color dot; 
wherein said color conversion table storage 
memory is memory which stores a plurality of 
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said color conversion tables set by distinguish- 
ing said primary color ink and black ink types 
and printing media type; and 
said image data conversion unit selects said 
color conversion table corresponding to ink and 
printing media used by said printing portion 
based on said stored ink type information and 
medium type information, and is a unit which 
converts said image data by referring to the 
above selected color conversion table. 

5. The print control apparatus according to Claim 1 , 
which sends controlling information for each ink 
color dot of cyan, magenta, and yellow, as control- 
ling information for controlling dot formation by said 
primary color inks. 

6. The print control apparatus according to Claim 5, 
which further sends controlling information for each 
ink color dot of light cyan, which is a thin color, and 
light magenta, which is also a thin color, as control- 
ling information for controlling dot formation by said 
primary color inks. 

7. A print control apparatus for controlling a printing 
portion by sending control information for control- 
ling the formation of dots of appropriate colors by 
said printing portion, by which the color image cor- 
responding to the image data is printed by combin- 
ing black ink dots and ink dots in a plurality of 
primary colors capable of producing achromatic 
color by their combination, said print control appa- 
ratus comprising: 

a first image data conversion unit which con- 
verts said image data into the first tone data 
which is tone data about each of said primary 
color inks; 

a second image data conversion unit which 
converts said first tone data into the second 
tone data, which is tone data for said primary 
color inks and black ink, by converting at least 
a part of the achromatic color expressed in said 
first tone data, so that the total said primary 
color ink dot density formed on said printing 
media does not exceed the defined density 
when converting the above first tone data into 
expression format by formation/n on -formation 
of said primary color inks; 
a bronzing occurrence condition storage mem- 
ory which stores bronzing occurrence condi- 
tions, which are a combination of tone data for 
said primary color inks and black ink, in which 
bronzing occurs during ink dot formation on 
said printing media; 

an image data confirmation unit which confirms 
said second tone data as the third tone data in 
which bronzing is unlikely to occur, by replacing 



at least a part of the tone data for the black ink 
in said second tone data, in case it is deter- 
mined, based on said stored bronzing occur- 
rence conditions, that bronzing will occur when 
5 said primary color inks and black ink dots are 

formed based on said second tone data; 
a dot formation unit which determines dot for- 
mation/non-formation of dots by said primary 
color inks and black ink based on the above 
10 confirmed third tone data; and 

a controlling information output unit which 
sends said judgment results to said printing 
portion as said controlling information. 

15 8. The print control apparatus according to Claim 7, 
wherein said bronzing occurrence condition stor- 
age memory is a memory which stores said bronz- 
ing occurrence conditions, by an index 
corresponding to tone data about this black ink 
20 when the achromatic color in said image data is 
expressed only by said black ink, and by an index 
corresponding to the tone data for said black ink at 
the point where bronzing occurs in this tone data. 

25 9. The print control apparatus according to Claim 7, 
said print control apparatus further comprising: 

a color conversion table storage memory which 
stores color conversion tables which define 
30 each tone data for said primary color inks and 

black ink capable of expressing each defined 
multiple color shades without causing bronz- 
ing; 

wherein said first image data conversion unit is 
35 a unit which carrys out the actual processes of 

said second image data conversion unit, said 
bronzing occurrence condition storage mem- 
ory, and said image data confirmation unit, by 
converting said image data into the tone data 
40 for said primary color inks and black ink, by 

referring to said stored color conversion table. 

1 0. A printing apparatus for printing color images corre- 
sponding to image data by combining black ink dots 
45 and ink dots in a plurality of primary colors capable 
of producing achromatic color by the combination; 
said printing apparatus comprising: 

a color conversion table storage memory which 
so stores color conversion tables which match the 

shades of color image and combinations of 
each color tone value for expressing these 
colors by said primary color inks and black ink; 
an image data conversion unit which converts 
55 said image data into tone data for said primary 

color inks and black ink by referring to said 
stored color conversion tables; 
a dot formation unit which determines forma- 



10 



15 



20 



25 



30 



35 



50 



55 



16 



31 



EP 1 087 613 A2 



32 



1 1 . A print control method for controlling a printing por- 20 
tion by sending control information for controlling 

the formation of dots of appropriate colors by said 
printing portion, by which a color image corre- 
sponding to image data is printed by combining 
black ink dots and ink dots in a plurality of primary 25 
colors capable in combination of producing achro- 
matic color, said print control method comprising 
the steps of: 

converting said image data into tone data for 30 
said primary color inks and black ink, by refer- 
ring to color conversion tables matching the 
color shades of color image and the combina- 
tion of each color tone value for expressing this 
color by said primary color inks and black ink; 35 
determining dot formation/non-formation in 
said primary color inks and black ink; and 
sending said dot formation/n on -formation judg- 
ment results to said printing portion as said 
control information, 40 
wherein said color conversion table is a stored 
table matching combinations of color tone data 
of said primary color inks and said black ink in 
case of color shades whose total density of 
formed dots of each color on said printing 45 
media exceeds the defined density when 
expressed only by using said primary color 
inks, these combinations of color tone data 
having been confirmed to be unlikely to cause 
bronzing during ink dot formation of each color 50 
based on each said color tone value. 

12. The print control method according Claim 11, said 
print control method further comprising the steps 

of: 55 

storing a plurality of said color conversion 
tables set up by distinguishing said printing 



media as said color conversion tables; 
receiving information about printing media type 
on which said printing portion forms each said 
color dot, and selecting said color conversion 
tables from among said stored color conversion 
tables; and 

converting said image data into said tone data 
by referring to said selected color conversion 
table. 

13. A print method for printing color images corre- 
sponding to image data by combining black ink dots 
and ink dots in a plurality of primary colors capable 
of producing achromatic color by a combination, 
said print method comprising the steps of: 

converting said image data into tone data for 
said primary color inks and black ink, by refer- 
ring to color conversion tables matching the 
color shades of color image and combination of 
each colortone value expressing said shade by 
using said primary color inks and black ink; 
determining dot formation/non-formation in 
said primary color inks and black ink, based on 
said converted tone data; and 
forming dots in each said color ink on said 
printing media based on said dot forma- 
tion/non-formation judgment results, 
wherein said color conversion tables are stored 
tables matching combinations of color tone 
data of said primary color inks and said black 
ink in case of color shades whose total density 
of formed dots of each color on said printing 
media exceeds the defined density when 
expressed only by using said primary color 
inks, these combinations of color tone data 
having been confirmed to be unlikely to cause 
bronzing during ink dot formation of each color 
based on each said color tone value. 

1 4. A recording medium for recording methods for con- 
trolling said printing portion by sending control infor- 
mation for controlling the formation of dots of 
appropriate colors by the printing portion by which 
the color image corresponding to the image data is 
printed, by combining black ink dots and ink dots in 
a plurality of primary colors capable in combination 
of producing achromatic color in computer-reada- 
ble format storing programs for realizing: 

a function for storing color conversion table 
matching color shades of color image and com- 
binations of each color tone value for express- 
ing said color shade in said primary color inks 
and black ink; 

a function for converting said image data into 
tone data for said primary color inks and black 
ink, by referring to said stored color conversion 



tion/non-formation of dots in said primary color 
inks and black ink, based on said converted 
tone data; and 

a dot formation unit which forms dots in each 
said color inks on printing media, based on the 5 
judgment results of said dot formation/n on -for- 
mation; 

wherein said color conversion tables are tables 
matching combinations of colortone data of the 
said primary color inks and said black ink in 10 
case of color shades whose total density of 
formed dots of each color on said printing 
media exceeds the defined density when 
expressed only by using said primary color 
inks, these color tone value combinations hav- 15 
ing been confirmed to be unlikely to cause 
bronzing during ink dot formation of each color 
based on each of the colortone data. 
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tables; 

a function for determining dot formation/non- 
formation in said primary color inks and black 
ink, based on said converted tone data; and 
a function for sending said dot formation/non- 5 
formation judgment results to said printing por- 
tion as said controlling information; and 
wherein said color conversion table of the 
recording medium is a table matching combi- 
nations of color tone data of said primary color w 
inks and said black ink in case of color shades 
whose total density of formed dots of each 
color on said printing media exceeds the 
defined density when expressed only by using 
said primary color inks, these combinations of 15 
color tone data having been confirmed to be 
unlikely to cause bronzing during ink dot forma- 
tion of each color based on each said color 
tone value. 

20 

15. A method for setting up color conversion tables 
which stores said color shades of color image 
matched to said each color tone data, which is used 
in case of converting image data of color image into 
each color tone data for black and primary colors 25 
capable of expressing the achromatic color by the 
combination, said method comprising the steps of: 

matching each color shade expressed in said 
image data and primary color tone data which 30 
is a combination of tone data of said primary 
colors to express said colors; 
determining whether the total density of dots of 
each color formed on said printing media 
exceeds the defined density when expressing 35 
said color shade by forming dots in said pri- 
mary colors based on said primary color tone 
data; and 

if said total density exceeds the defined den- 
sity, converting at least a part of the tone value 40 
corresponding to the achromatic color in said 
basic tone data to said black tone value equal- 
ing the value, within the combination of tone 
data of said primary colors and black confirmed 
to be unlikely to cause bronzing in formation of 45 
each color dots on said printing media. 

16. The method for setting up color conversion tables 
according to Claim 15, wherein the domain of com- 
binations of tone data of each said color ink con- so 
firmed to be unlikely to cause said bronzing is the 
domain set by tone value of said black ink when 
expressing tone data corresponding to the achro- 
matic color in said basic tone data only by said 
black ink, and the tone value of said black ink at 55 
which value bronzing occurs if said achromatic 
color area is converted. 
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